
 

 

NATIONAL TRANSPORTATION SAFETY BOARD 
Office of Research and Engineering 
Materials Laboratory Division  
Washington, D.C. 20594 
 
March 18, 2004 
 
MATERIALS LABORATORY FACTUAL REPORT Report No. 04-021 
 
A.  ACCIDENT 
 
 Place : Miami, Florida   
 Date : May 25, 2003  
 Vehicle : Cruise ship S/S Norway 
 NTSB No. : DCA03MM032 
 Investigator : Robert Ford 
 
B. LOG BOOKS EXAMINED 

 
Water chemistry log book from January 2000 to May 20011  
Stoker’s log book2 from July 1997 through May 20033 
Print-outs from boiler 22 and 23 pressure recorders4 

 
C. DETAILS OF THE EXAMINATION 
 

The raw data from several boiler log books was examined and transferred into tabulated 
and graphical form for ease of analysis.  The following is a description of the findings. 
 
Water Chemistry:  The water chemistry log book included daily readings on parameters 
such phosphate, hydrazine, conductivity, chloride, pH, and alkalinity levels.  The log book 
also contained the amounts of GC,5 adjunct-B,6 Amerzine (hydrazine),7 and SLLC-A8 that 
were added to adjust the chemistry.   
 
Only the levels of hydrazine were tabulated for inclusion in this report.  Table 1 shows the 
levels of hydrazine in all boilers at a randomly selected year (January through December 
2000).  The green cells at the beginning of the table show where no data was available 
from January 1 to 26.  There were also several individual days (March 13, May 13, July 17, 
and November 29) and a string of 6 days (December 13 to 18) for which no data was 
available.  The blank regions in days with data show where water chemistry readings were 
not taken due to specific boilers being idle or being repaired.  The required level of 
hydrazine was between 0.03 and 0.1 parts per million (ppm).9  The table shows hydrazine 
levels within the specification limits in black, above the limit in blue, and below the limit in 
red.  The far right column shows the monthly readings of the water chemistry10 taken by 
Drew Marine personnel during their on-site examination at the ship.  The green cells in the 
monthly data, again indicate months for which no records could be found.  Reviewing the 
data the following was noted: 

1) Almost every time a boiler came out of an idle period (lay-up) the hydrazine level 
was zero or near zero for one or more days.  After reaching the specified range, the 
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levels typically stabilized and then were generally maintained within operational 
limits. 

2) In some cases continued low levels of hydrazine were observed during operation.  
For example, in boiler 24 from July 27 to September 28 hydrazine levels were 
almost always below the specified minimum, at approximately 0.01 ppm. 

3) No records were found to show that hydrazine levels were build-up prior to idle 
periods (for idle conditions 150-200 ppm hydrazine are recommended).11   

4) It appeared that boiler water chemistry readings were not taken on idle boilers in the 
wet condition12 to assess the levels of hydrazine present13.   

 
According to interviews and documents,14 typically two boilers were operated on a routine 
basis with the third boiler operated when there was peak demand.  The fourth boiler was 
typically idle for maintenance.  Examination of the data in Table 1 (yellow areas) confirmed 
that two boilers were operated on a routine basis with a third coming on line as needed.    
 

Boiler Cycling:  The number of boiler cycles in a given time period was quantified by 
collecting data from the stoker’s logbook for several time periods: one was chosen randomly 
and was from July 10, 1997 to July 15, 1998 (1 year), and the other was from January 2002 
to the failure date on May 25, 2003 (17 months).  One boiler cycle was defined as going 
from zero load to a full load of 60-62 bar and back down to zero.  A summary of the data for 
these two time periods is shown in Tables 2 and 3, respectively.  These tables show the 
number of cycles experienced by the boilers and the amount of time the boilers were on and 
off.  Tables 4A-C, which contain raw data from the stoker’s log book in visual form, contain 
the following cycle data: 

1. All boilers from July 1997 to July 1998 (Table 4A) 
2. Boiler 23 from April 2001 to December 2001 (Table 4B) 
3. All boilers from January 2002 to May 2003 (Table 4C) 

 
The data from Table 2 showed that, for a 1-year period from 1997 to 1998, the boilers 
accumulated between 11 and 29 cycles, with the average being 23 cycles that year or 
approximately one cycle every two weeks.  Table 3 shows that from the beginning of the 
year 2002 through May of 2003, the boilers accumulated between 18 and 26 cycles, with the 
average being 21.5 in about 17 months, or 15.2 per year.  Review of pressure charts (last 
section in report) and interviews with personnel indicated that when the boilers were shut 
down they were typically brought down to zero pressure.  Therefore, the boiler pressure 
cycles were from zero pressure to operating pressure of 62 bar (900 psi) and back down to 
zero.  It should be noted that many times the boilers were started and shut down within 1.5 
days or less, frequently in less than 0.5 a day.   
 
Boiler Idle Periods:  Tables 2 and 3 also show the amount of time the boilers were on and 
off.  The red data in these tables shows periods when the boilers were shut down 20 or 
more days, and the blue data shows periods when the boilers were shut down for periods of 
10 to 20 days.  Table 2 (1997-1998) shows that the boilers were shut down for 10 or more 
days between 2 and 7 times each in this time period.  Boiler 21 was not shut down for 20 or 
more days, boiler 22 had one instance where it was off for more than 20 days, boiler 23 had 
two instances, and boiler 24 had six instances.  Table 3 (2002-2003) shows that in 17 
months the boilers were shut off between 3 and 7 times each for periods of 10 days or more.  
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Boilers 23 had one instance where it was shut down for more than 20 days, boiler 21 had 
two instances, and boiler 24 had three instances. 
 

Boiler Ramp-up and Cool-Down:  A few printouts from of the boiler pressure recorders were 
examined to determine the rate of pressure build-up and drop-off.  The data is summarized 
in Table 5.  The question marks in the table indicate recordings that were interrupted, 
meaning that a full reading could not be obtained: either the recorders were stopped prior to 
dropping to zero pressure or the boilers were started back up in the middle of the cycle. 
 
The data indicates that the boilers went from zero pressure to a full pressure of 60-62 bar in 
1.5 to 5.5 hours.  The average ramp-up rate was 3.4 hours.  According to the charts the 
boilers were fired at 10 minute intervals and shut-down for 10 minutes until the boilers 
reached pressure.  The practice is consistent with the boiler start-up procedure in the 
operating manual. 15   
 
The rate of pressure drop from full pressure to zero ranged between 45 minutes (0.75 hrs) 
and 4 hours, with the average being 2.8 hours.  No expected pressure ramp-down time was 
indicated in the operating manual or other records.   

 
 
 
         William R. Rossey Jr. 
         Materials Engineer 
 
 
 
 
                                            
1 Norwegian Cruise Line (NCL) log book containing water tests from January 2000 through May 2001 (NTSB 
D017). 
2 A stoker’s log is a record book containing information regarding when boilers are started, shutdown, cleaned, 
skimmed, blown-down, and the fuel nozzles cleaned.  Entries are made at every watch. 
3 NCL stoker’s log book 1997-2003 (NTSB D018) 
4 Four print-outs from pressure recorders from boilers 22 and 23 (NTSB D023 through D026). 
5 GC is a concentrated alkaline liquid that neutralizes acid and controls corrosion. 
6 Adjunct B is a phosphate boiler water treatment chemical that works in conjunction with GC to control scale 
formation due to hardness. 
7 Amerzine (hydrazine) is a liquid catalyzed oxygen scavenger used to minimize oxygen corrosion in the boiler 
steam and condensate systems.  Amerzine also promotes the formation of protective iron and copper oxide films. 
8 SLLC-A is a condensate corrosion inhibitor made from a volatile liquid organic amine designed to minimize 
corrosion in steam and condensate systems by providing a pH environment, which neutralizes the effects of 
carbon dioxide. 
9 Drew Marine Control and Dosing chart, BW-CS-4 (5/03), (NTSB D019) 
10 Drew monthly water chemistry service reports (NTSB D020). 
11 NTSB document D014, page 24. 
12 The wet condition indicates that the boiler was shut-down but was still sealed and full of water. 
13 Based on when water chemistry readings were taken in the log book and interviews. 
14 NCL interoffice memo dated March 16, 1998 (D021). 
15 “Liner France, Propulsion Machinery, Operation and Maintenance Guide Volume 3,” Norwegian Cruise Line, 
page 26 (NTSB D022). 



2000 MONTHLY
January 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 22

21 0 0 0 0.01 0.05
22 0.05 0.05 0.07 0.07 0.07
23 0.05 0.05 0.05
24 0

February 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 19
21 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.1 0.1 0.07 0.07 0.1 0.1 0.07 0.07 0.1 0.1 0.07
22 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.05 0.1 0.1 0.07
23 0 0 0.03 0.07 0.07 0.07 0.07 0.1 0.07 0.05 0.1 0.07 0.07 0.06
24 0 0.01 0 0.03 0.01 0.01 0.01 0.03 0.07 0.07 0.07 0.07 0.1 0.1 0.05 0.07 0.07 0.07 0.07 0.07 0.07 0.03 0.07

March 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 25
21 0.01 0.01 0.01 0.01 0 0.03 0
22 0.3 0.07 0.07 0.07 0.07 0.07 0.1 0.1 0.07 0.03
23 0.2 0.07 0.07 0.1 0.07 0.07 0.1 0.1 0.05 0.3 0.2 0.05 ? 0.2 0.05 0.03 0.05 0.1 0.05 0.05 0.2 0.03 0.03 0.1 0.1 0.07 0.07 0.1 0.2 0.03 0.1 0.1
24 0 0.03 0.05 0.03 ? 0.1 0.07 0.05 0.05 0.1 0.05 0.05 0.03 0.03 0.07 0.1 0.07 0.07 0.1 0.1 0.03 0.1 0.1

April 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 22
21 0 0 0.03 0.03 0.05 0.05 0.07 0.1 0.05 0.05 0.03 0.03 0.03
22 0.01 0.01 0.03 0.01 0.03 0.05 0.03 0.05
23 0.1 0.1 0.1 0.3 0.2 0.05 0.07 0.3 0.03 0.03 0.1 0.1 0.03 0.1 0.2 0.07 0.07 0.1 0.07 0.07 0 0.01
24 0.1 0.1 0.1 0.2 0.2 0.05 0.07 0.2 0.03 0.03 0.1 0.1 0.03 0.1 0.1 0.07 0.07 0.07 0.05 0.02 0.1 0.07 0.07 0.1 0.07 0.1 0.07 0.07

May 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
21 0.03 0.07 0.07 0.07 0.1 0.07 0.05 0.05 0.1 0.05 0.03 0.03 ? 0.01 0.03 0.07 0.05 0.03 0.07 0.07 0.05 0.03 0.07 0.07 0.07 0.07 0.05
22 0.05 0.1 0.07 0.05 0.07 0.07 0.07 0.05 0.1 0.07 0.05 0.05 ? 0.07 0.07 0.07 0.05
23 0.01 0.01 0 0.01 0.03 ? 0.07 0.07 0.07 0.07 0.05 0.05 0.01 0.03 0.03
24 0.01 0.01 0.01 0.01 0.03 0.01 0.05 0.05 0.03 0.03 0.07 0.07 0.07 0.07

June 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
21 0.05 0.05 0.01 0.03 0.05 0.07 0.07 0.05 0.05 0.05 0.03 0.03 0.03 0.05 0.05 0.07 0.05 0.05 0.05 0.07 0.05 0.05 0.07 0.05 0.05 0.07
22 0.05 0.05 0.07 0.05 0.05 0.05 0.03 0.05 0.05 0.07 0.07 0.05 0.05 0.05 0.03 0.03 0.03 0.05 0.05 0.07 0.05 0.05 0.05 0.01 0.07 0.05 0.08 0.05 0.05 0.01
23 0.01 0.08 0.07 0.05 0.05 0.03 0.07
24 0.01 0.03 0 0.01 0.03 0.03 0.03 0.03

July 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
21 0.07 0.07 0.07 0.07 0.07 0.03 0.07 0.07 0.07 0.07 0.07 0.1 0.05 0.1 0.2 0.05 ? 0.05 0.07 0.03 0.05 0.1 0.05 0.07 0.07 0.07 0.05 0.03 0.07 0.05 0.05
22 0.07 0.07 0.07 0.07 0.07 0.05 0.07 0.07 0.07 0.07 0.07 0.07 0.05 0.1 0.1 0.05 ? 0.07 0.1 0.05 0.05 0.1 0.01 0.07 0.1 0.07 0.05 0.05
23 0.01 0.02 0.01 0.03 0.01 0.03
24 0 0.01 0.01 0.02 0.01

August 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
21 0.05 0.1 0.05 0.03 0.1 0.05 0.05 0.1 0.05 0.03 0 0.03
22 0.03 0.05 0.1 0.05 0.03 0.03 0.01 0.01 0.05 0.07 0.05 0.1 0.05 0.07 0.07 0.1 0.05
23 0.05 0.03 0.01 0.02 0.05 0.07 0.1 0.1 0.1 0.07 0.05 0.1 0.1 0.1 0.15 0.1 0.2 0.07 0.07 0.1 0.07 0.07 0.07 0.07 0.05
24 0.01 0.01 0.01 0.01 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.02

September 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
21 0.03 0.05 0.1 0.07 0.07
22 0.07 0.2 0.03 0.07 0.1 0.07 0.07 0.1 0.07 0.05 0.07 0.03 0.07 0.07 0.1 0.07 0.05 0.07 0.07 0.03 0.01 0.03 0.1
23 0.07 0.15 0.05 0.03 0.1 0.07 0.07 0.1 0.07 0.05 0.07 0.1 0.03 0.07 0.07 0.1 0.05 0.05 0.07 0.07 0.03 0.07 0.07 0.07 0.05 0.07 0.07 0.03 0.05
24 0 0.01 0.01 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03

October 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
21
22 0.01 0.03 0.07 0.07 0.07 0.07 0.07 0.03 0.05 0.07 0.05 0.05 0.05 0.05 0.05 0.03
23 0.05 0.05 0.07 0.07 0.05 0.05 0.07 0.07 0.07 0.07 0.07 0.03 0.05 0.07 0.05 0.05 0.05 0.05 0.05 0.03 0.05 0.07 0.05 0.07 0.07 0.07 0.05 0.05 0.05 0.07 0.07
24 0.03 0.03 0.05 0.07 0.03 0.03 0.01 0.03 0.01 0.01 0.01 0.05 0.05 0.07 0.07 0.05 0.05 0.05 0.05 0.05 0.05

November 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 18
21 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.05 0.05 0.05 0.07 0.07 0.05 0.03 0.03 0.03 0.03 0.05 0.05 0.05 0.05 0.05 ? 0.03 0.07
22 0.01 0.01 0.03 0.07 0.05 0.05 0.05 ? 0.04
23 0.05 0.05 0.05 0.05 0.05 0.05 0.1 0.07 0.05 0.07 0.01 0.03 ? 0.01
24 0.07 0.05 0.05 0.05 0.05 0.05 0.1 0.07 0.05 0.01 0.05 0.05 0.05 0.05 0.05 0.05 0.07 0.03 0.05 0.03 0.03 0.03 0.01 0.05 0.03

December 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 16
21 0.06 0.06 0.06 0.05 0.06 0.05 0.05 0.05 0.06 0.06 0.07 0.07 ? ? ? ? ? ? 0 0.01 0.01 0.1 0.03 0.03 0.03 0.05
22 0.07 0.06 0.05 0.05 0.07 0.06 0.06 0.06 0.06 0.06 0.07 0.07 ? ? ? ? ? ? 0.05 0.05 0.03 0.05 0.07 0.05 0.05 0.07 0.1 0.05 0.05 0.05 0.05 0.1
23 0.04 0.04 ? ? ? ? ? ? 0.03 0.05 0.03 0.05 0.07 0.05 0.05 0.07 0.07 0.05 0.05
24

Hydrazine Content
Limits 0.03-0.1 ppm

Hydrazine 2000



ON OFF ON OFF ON OFF ON OFF
cycle 1 0.5 2.5 1.5 12.5 >17 10.5 >37

2 0.5 9.5 16.5 8 21 8.5 8.5 41
3 1.5 1.5 33.5 0 2 3.5 20 4.5
4 12.5 5.5 8 9 8.5 5.5 44.5 26.5
5 1.5 4.5 0.5 1.5 1.5 1.5 15.5 12.5
6 1.5 6.5 1.5 5.5 12.5 6.5 8 7.5
7 16 5 6 22 0.5 11 6.5 27
8 2 0 1.5 1.5 6.5 1.5 39.5 8.5
9 9.5 1.5 2.5 1.5 0.5 7.5 0.5 4

10 0.5 7.5 1.5 2 22.5 12.5 1 23.5
11 19.5 0 2 14.5 8.5 3 3.5 31
12 0.5 1 23.5 13.5 0.5 1.5 >0.5
13 1.5 1.5 14.5 6.5 12.5 1.5
14 12.5 19.5 7.5 6 5.5 0.5
15 15.5 5.5 27 5.5 2.5 3
16 8.5 3 1 1 0.5 1.5
17 1 5 1.5 5.5 1.5 10.5
18 5 3.5 1.5 5.5 0.5 1.5
19 0.5 1.5 2 3 1.5 2.5
20 13.5 0 0.5 4.5 1.5 1.5
21 23 5.5 2 5.5 1.5 5.5
22 1.5 3.5 39 3 22.5 3.5
23 0.5 1.5 9 0.5 0.5 20.5
24 1.5 3.5 22 >0.5 28.5 3.5
25 0.5 1.5 5.5 22.5
26 58 5 12 11
27 23 12.5 3 0
28 11 3 4 >2
29 0 4

Summary Data
AVG DAYS ON
AVG DAYS OFF
Cycles

July 10, 1997 to July 15, 1998

29 24 28 11
4 6 6 19
8 9 7 15

BOILER OPERATION TIME (DAYS)
BOILER 21 BOILER 22 BOILER 23 BOILER 24

CYCLE COUNT 97-98



January 2002 ON OFF ON OFF ON OFF ON OFF
cycle 1 >12 4 >48 1 1.5 5.5 >15

2 3.5 2 27.5 2.5 16 1.5 0 13
3 7.5 1 46.5 16.5 12 3 0.5 13.5
4 3.5 5.5 58.5 1 29 1 0 6.5
5 43.5 3.5 33.5 0 46 16.5 0 35.5
6 3.5 3.5 14.5 3.5 1.5 2 0 13.5
7 3.5 12.5 12.5 10 5 2.5 35.5 0.5
8 75 3.5 8.5 2.5 32.5 16.5 0.5 44.5
9 1 2 18.5 9.5 18.5 5.5 16 4.5

10 8 16.5 11.5 2.5 5.5 5 1.5 0.5
11 6.5 5.5 4.5 2.5 30 2.5 0.5 0.5
12 6.5 15.5 4.5 2.5 13.5 9.5 2.5 1.5
13 8.5 4.5 4.5 2.5 1.5 1.5 2 0.5
14 3 8 12 2 57.5 2 0.5 0.5
15 19 9.5 33 2 5.5 1 2 1.5
16 2 42 5 17.5 2.5 0.5
17 35 1.5 19.5 0.5
18 21 1.5
19 11.5 8.5
20 5.5 0.5
21 13.5 4.5
22 30.5 2.5
23 8.5 16.5

January 2003      1 5.5 0.5 40.5 1.5 3.5 2.5 18.5 19.5
2 12.5 2.5 13 2.5 1.5 1.5 1 5
3 2.5 29.5 25 12.5 85.5 26.5 29 23.5
4 50.5 0 >37 >9 >51
5 7 0
6 9.5 >8

Summary Data
AVG DAYS ON
AVG DAYS OFF
2002-2003 cycles

January 1, 2002 to May 25, 2003

19
7

19

11
9

26

14
8

23

24
4

18

Failure 5/25/2003

BOILER OPERATION TIME (DAYS)
BOILER 21 BOILER 22 BOILER 23 BOILER 24

CYCLE COUNT 02-03



1997
jul 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Boiler 21 1805 1130 1630 800 1830 1125 2135
Boiler 22 1800 1155 1750
Boiler 23 2150
Boiler 24
aug 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1200 1800 1150 2020 440 1550
115 610

1750 1710
100 1135

sep 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1830 1800 1300       1620 640 1545

1245        1600
730 940 2010 1120 1755 1100 1805

oct 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
910 1750 720  1250/18 1800 1025

1400 1500 720 1915 1200 1750 1300
1200 1610/2250 2200

1400 1120 1800
nov 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1740 1235
1800 1040 2340 710 1800 1045 1030

650 1625 925 1800

dec 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1800 1040 1805

705 1700
1030 1750 1020 1355 620 1815

1015
1998
jan 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1010 800 728 745 1040 2245 725 1805
1050 415

715 1810 855  1802 1110 1525 800 1810 1110
1820 430

feb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
915     930 1100

1120 1515 1200 1110
1700 720 1750 1110 2330 450 1800 1145 1810

1825 1530 750 2210
mar 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1800 1030 1725 715 1850 1100 2010 555 1800
1150 1740 ??

1030 1745 725
1805

apr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1755 1025 1800 1125 1800 1500 1410 730 1800 2130
1526

may 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
2100 155

340
700 1530 215

630 2100 700 430 725
jun 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

655 2245
140 440 820    1600

2145 2255
120 1100

jul 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1835 1850/2045 2300

1630
1825 1900   2030 2320

1615

Boiler cycles 97-03 1



2001
apr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Boiler 21
Boiler 22
Boiler 23 400
Boiler 24
may 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Boiler 23 1305

jun 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Boiler 23 1800 1105

jul 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Boiler 23 1530 1155

aug 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Boiler 23 1755 1010 955 1215 1530

sep 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Boiler 23 1110

oct 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Boiler 23 1955 945

nov 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
NOVEMBER 2001 DRYDOCK BREMERHAVEN

1700

dec 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Boiler 23 945      2105 950

Boiler cycles 97-03 2



2002
jan 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Boiler 21 930 530 1610 1605 2200 2400
Boiler 22 was running end?? 1000
Boiler 23 1820 1010 1800 1915 830
Boiler 24 2000/2300 2010 1020
feb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1135 1735
2400 1800

1000 920
2010/2235 1200/1630

mar 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1100 1630 1050

end? 1950
600/800

apr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1610 1145 1735

1100
0

1950
may 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1810
1745 1135 1000 1200 200

345    1350 325
jul 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

305     2215
1220

940
Jul 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1710 10 645 830 800

2140
1130 1750 1245     194550     1710 250 1525 1400     192545     1735 2345

aug 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
2010 415 2210 750

1300      1820 230 1640
1140 345 2220 2300

1700 500     1735 1040     2100
sep 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1740 1030 300 230 700
520 415 1120 2220

310 1910
240 1900 1100

oct 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1030 1630 2030

1110 2130
1125 1630 700 1700

530 1305     1730 1250 1850
nov 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1130 1900 1015 1830 1115 1830 1100 1645

935
dec 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

2000
1210 1100

1245 1600 550 655 1020
1445 900 2000

jan 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
40 1645 905    1545

1125 800
30 1010 1630 735 1700

900
Feb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

935 1730 545
305 2200

410 930 955
Mar 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

2020
140 1255

745
Apr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

840     930
1045 1700

605
1650

May 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
830      1000 2300

1715

Boiler cycles 97-03 3



Roll Boiler Ramp-Up Time (hrs) Cool-Down Time (hrs)
NTSB D023 22 0.75
15-Dec-02 ? 1

? ?
3 ?

3.5 2.5
3 3

2.75 ?
3 2.5
3

NTSB D024 23 4 ?
19-Oct-02 ? 2.75

? 3
3 ?

3.5 2.75
? ?
?

NTSB D025 23 4
17-Mar-03 4 ?

? ?
3.5 ?
3 ?

5.5 ?
?

NTSB D026 22 ?
31-Mar-02 ? 2.5

3 ?
1.5 2
3.5

Average 3.4 2.8

Boiler Transients


	Table 1: Table 1:  2000 Hydrazine Content
	Table 2: Table 2: 1997-1998 Boiler Cycling Summary
	Table 3: 2002-2003 Boiler Cycling: Table 3: 2002-2003 Boiler Cycling Summary
	Table 4A: 1997-1998 Boiler Cycling Raw Data: Table 4A:  1997-1998 Boiler Cycling Raw Data
	Table 4B: April-December 2001 Boiler 23 Cycling Raw Data: Table 4B:  2001 Boiler 23 Cycling Raw Data
	Table 4C: 2002-2003 Boiler Cycling Raw Data: Table 4C:  2002-2003 Boiler Cycling Raw Data
	Table 5: Boiler Transients: Table 5:  Boiler Transients


